A cross-sectional descriptive study was designed to obtain normative age-specific fitness scores for the general population of community-dwelling older adults in Spain. In total, 6,449 participants (5,610 women and 839 men) age 60-99 yr who lived in the region of Extremadura were recruited. Compared with the cohorts of similar studies in other countries, this cohort had more physically inactive elderly participants and participants with a higher body-fat percentage. All test results declined as age increased. Sex differences in the age-related decline in fat and body mass were observed. Women scored better in the flexibility tests, and men performed better in the other tests. These data may be highly useful for the agespecific assessment of the fitness performance of older adults and the design of programs that promote functional ability in older adults.
Elderly people are becoming an increasingly important target group when it comes to health promotion and preservation of function. This is because agingrelated health problems are becoming more prevalent, and the associated health care costs are beginning to have a significant economic impact in all countries. This is prompting many governments to guide their health strategies and policies toward preventive health (Evans & Van Lerberghe, 2008) .
A major problem associated with advanced adult age is a marked decline in functional capacity and an associated loss of independence (Frontera & Bigard, 2002) . However, the health benefits of physical activity are well documented. Indeed, it has been shown that a physically active lifestyle can significantly enhance quality of life (Sloan, Sawada, Martin, Church, & Blair, 2009; Stewart et al., 2003; Takata et al., 2010) and reduce health care costs (Evans & Van Lerberghe, 2008; Gusi, Reyes, Gonzalez-Guerrero, Herrera, & Garcia, 2008) .
To devise physical activity programs for the general elderly population, and to identify the people whose fitness scores fall below those of the general population, it is important to obtain normative fitness performance scores of older adults that can be used by health care professionals. Three studies have reported the normative fitness performance scores of senior citizens in the United States (US; Rikli & Jones, 1999b) , Taiwan (Chen, Lin, & Yu, 2009) , and Brazil (Krause et al., 2009 ). However, in Spain, normative scores of a large sample of individuals over 60 years of age have not yet been published. Although normative data have been generated in Spain, these were largely obtained by studying physically active people, even though about 60% of the elderly in Spain reported having physically inactive lifestyles. It is important that the population sample used to generate normative fitness performance scores accurately reflects the wider population, because this will allow generalization of the data and facilitate comparisons with the results of different studies (National Statistics Institute, 2008; Sobejano Tornos et al., 2009) . Therefore, the purpose of the current study was to determine the age-and gender-specific normative fitness scores of a population of Spanish older adults, based on data collected from a large representative subpopulation of older adults age 60-90 and over.
Methods

Study Design
This cross-sectional study was conducted in the region of Extremadura, Spain. This is a large region that has been divided by the government of Extremadura into eight health areas on the basis of geographical and demographic factors ("Extremadura Health Act," 2001). The sample numbers from each area were proportional to the population sizes of adults older than 60 years of age in these areas. According to the National Health Survey (National Statistics Institute, 2008) , the sociodemographic characteristics-namely the marital status, education level, health habits, and physical activity level-of the elderly living in Extremadura are similar to those of the wider Spanish population. However, it should be noted that none of the cities in this region have more than 150,000 citizens, and 50% of the inhabitants live in rural zones or municipalities with fewer than 5,000 citizens.
Participants
The participants were recruited in the framework of the Exercise Looks After You (ELAY) program, which is a new public health program for the elderly (institutionalized or community-based) that was supported and led by the Extremadura regional government and performed by the University of Extremadura. We issued a call for volunteers through a wide variety of media outlets, and volunteers were required to obtain physician clearance before participating. To obtain a suitably wide spectrum of people in the study population, thereby reducing the risk of bias, the recruitment strategy centered on informing the public about the study and its objectives via several media: an initial announcement by the regional health, welfare and culture, and sports ministers on mass media, namely, the most relevant regional TV channels, radio stations, newspapers and Web sites; paid advertisements in these regional mass media for 3 months; announcements in the local mass media by 37 trained technicians; information (e-mails, center meetings, and printed brochures) disseminated to social workers and personnel working at primary-care centers, nursing homes, and social centers for the elderly; posters and flyers addressed to the elderly that were posted on the walls of primary-care centers, nursing homes, city halls, social centers for the elderly, sport centers, and local park entrances; and information stands at regional and local health-, sport-, or welfare-related events (information meetings, fairs, etc.) for 1 year. The public health and sport program advertisements included the following information: the support of the study by the regional health, sport, and welfare ministries and the university; participants would not be required to pay a fee; participants would receive an individual health-related fitness report after undergoing a battery of tests and a lifestyle face-to-face interview; participants would undergo a short medical examination to ensure that they could walk in a group (see exclusion criteria below); and participants would be offered a medical approval to participate in a supervised walk-based health-enhancing program. Although the percentage of those initially enrolled at primary-care centers varied largely among different practitioners depending on their willingness to actively recruit, the advertisements referred all volunteers to their primary-care physician or nurse in the public sector to obtain physician clearance. It is important to note here that all elderly individuals are eligible for Spanish national health care, and they do not have to pay a fee for primary health care consultations (apart from the taxes they pay to support the health care system). Therefore, there was no economic impediment to participation in the study.
Each volunteer was then assessed to see if he or she met the inclusion and none of the exclusion criteria. This assessment was performed by primary health care personnel (general practitioner or nurse) who had comprehensive files on each volunteer. Eligible participants were those age 60 years and older who were functionally independent and could walk outside their homes for 10 min without requiring help from another person. They also lacked medical conditions or physical or cognitive limitations that precluded their ability to follow instructions, participate safely in the battery of fitness tests, and complete questionnaires. Participation was voluntary, and all subjects gave their written informed consent.
Three major goals were met by the media advertisements alerting potential participants to the study and informing those who were interested to visit their primary-care physician. First, they allowed elderly people to be screened for their ability to participate without contraindications, after which they could be enrolled in the study. Second, the media advertisements promoted exercise, which reinforced advice that is routinely given by the Spanish primary health care system; indeed, because of this, use of the media that advertised the study did not require additional budget funds from the Spanish public health care system. Third, general practitioners are highly respected by elderly people (Bell-Syer & Moffett, 2000; Jonker & Sumajow, 1992) , so individuals who visit their general practitioner, as was required by the recruitment strategy, were more likely to participate in the study.
All protocols adhered to the updates of the Declaration of Helsinki, and the study was approved by the Committee on Biomedical Ethics of the University of Extremadura. In total, 6,449 participants (5,610 women and 839 men) age 60-99 years participated in this study (Table 1) .
Instruments
All participants completed a battery of fitness tests for older people in a period of approximately 45 min. Their weight, height, and waist and hip circumferences were Deurenberg et al., 2001 ). This instrument records the impedance from hand to hand and then calculates the BF% on the basis of the impedance value and preentered weight, height, age, and sex data. Muscle strength was assessed by the handgrip strength test (Rodríguez et al., 1998) , in which strength in both hands was measured using a hand dynamometer (TKK 5401 Model; Tokyo, Japan). Two trials were performed with each hand, and the sum of the best scores of both hands served as the outcome. To measure lower body flexibility, a chair sit-and-reach test was administered (Jones, Rikli, Max, & Noffal, 1998) . For this, a ruler was used to measure the distance between the end of the middle finger and the toes. The value is negative if the fingertip does not reach the toes and positive if the fingertip passes the toes. Both sides were measured twice and the maximal score (right or left) was recorded. Upper body flexibility was assessed using the back-scratch test (Rikli & Jones, 2001 ). This test requires that one hand be placed behind the head onto the back while the other is moved up from the waist behind the back until it touches the upper hand. This test involves a combination of shoulder abduction, adduction, and internal and external rotation. The value was negative if the middle fingers of both hands did not meet and positive if the middle fingers overlapped. After two trials on each side, the best score (right or left) was recorded. Balance was measured by administering the functional-reach test (Duncan, Weiner, Chandler, & Studenski, 1990) . In this test, the maximum distance one can reach forward beyond arms length while keeping the feet in one spot is determined. The best score of two trials was recorded. Mobility was assessed using the timed up-and-go test (Podsiadlo & Richardson, 1991) . This test involves getting out of a chair, walking 3 m to and around a cone, and returning to the chair in the shortest time possible. The best score of two trials was recorded. Aerobic endurance was determined with the 6-min-walk test. This test involves determining the maximum distance in meters that can be walked in 6 min in a 20-m-long corridor (Rikli & Jones, 2001 ). Only one trial was performed. In addition, to collect demographic data, a general questionnaire regarding age, marital status, educational level, smoking and alcohol habits, and level of physical activity was administered.
Data Collection
In total, 37 assessors were recruited from sport sciences graduates who had prior experience in assessing the fitness of older people. Because all 37 were employed in the framework of the ELAY program, the tests were administered as part of their professional duties. All assessors received a testing manual that had been developed by the project managers and that described all the test procedures and protocols.
In addition, they all completed a training course together. This course consisted of three 4-hr sessions that sought to homogenize and standardize the assessment methods, thereby reducing intra-and intertester errors. All assessments were conducted at centers for senior citizens in a large indoor area such as a multipurpose room or gymnasium. The testing stations were distributed in 124 municipalities. Testers administered the full battery of tests on a single day in the testing stations to which they were assigned. The participants were assessed separately and were instructed to wear appropriate clothing and footwear, to eat a light meal approximately 1 hr before testing, to avoid drinking alcoholic beverages in the preceding 24 hr, and to not perform vigorous physical activity the day before the assessment. In terms of testing safety, all participants were screened using the Physical Activities Readiness Questionnaire (PAR-Q), and their resting blood pressure was checked to rule out cardiac illness or uncontrolled hypertension. Those who answered "yes" to any question on the PAR-Q or who had blood pressure higher than 160/100 mmHg were excluded from the study.
Weight, height, waist and hip circumference, and BF% were measured while the participants wore a T-shirt, shorts, and socks. They then did a general warmup consisting of 3 min of easy walking and easy lower and upper body stretching exercises. Immediately afterward, they were instructed as follows: "Do the best that you can in the tests but do not push yourself to the point of overexertion or beyond what you believe is safe for you." In accordance with the recommendations of Rikli and Jones (1999b) , for all tests except the 6-min-walk test, the participants were asked to complete two trials, which would allow them to become familiar with the test procedures. To minimize the effects of fatigue, the tests were administered in the following order: functional reach, chair sit-and-reach, timed up-and-go, handgrip, and back scratch. After a 5-min break, the 6-min-walk test was administered in a 20-m-long corridor.
Reliability
Because scores can vary depending on how the tests are administered, it was important to determine the reliability indices of the tests. To determine these indices, a 1-week test-retest was performed with 135 of the participants in this study. They were recruited from three municipalities and evaluated by 3 of the 37 assessors (one assessor in each municipality). Only intrarater reliability was evaluated.
Data Analysis
The participants' scores obtained by the 37 test administrators were summarized on data forms and forwarded to the project directors. The merge of the final database was executed by a research assistant. Test administrators were not involved in the data analysis. The normality of the data was initially tested using the Kolmogorov-Smirnov test. The results of these tests suggested that parametric tests should be used to analyze the data. The age groups used in the analysis were as follows: 60-64, 65-69, 70-74, 75-79, 80-84 , and ≥85 years. All analyses were conducted separately for men and women. The descriptive statistics are presented as means and SDs for continuous variables and as frequencies and percentages for categorical variables. One-way ANOVA and Tukey's post hoc test were used to analyze differences between age subgroups. Effect size (ES) was calculated to evaluate the magnitude of differences between subgroups. ES describes mean differences relative to SD values, but without regard to sample size. In general, an ES ratio of .80 or greater is considered large, an ES of around .50 is considered moderate, and an ES of .20 or less is considered small (Tomas & Nelson, 2005) . Test-retest reliability was assessed by relative and absolute indices. The two-way random-effect model (absolute agreement definition) with average measure intraclass correlation coefficient (ICC; ICC2.2, according to Shrout & Fleiss, 1979) served as the relative reliability index. For absolute reliability, the standard error of measurement (SEM) was used (Weir, 2005) . It was expressed according to the formula SEM = SD times the square root of 1-ICC, where SD is the standard deviation of the mean. A p value <.05 was considered statistically significant. All statistical analyses were performed using SPSS 15.0.
Results
The demographic characteristics of the study sample are listed in Table 1 . Of the 6,449 participants, 87% were female. The participants ranged in age from 60 to 99 years, and the 60-64, 65-69, and 70-74 age groups mad up approximately 78% of the total sample population. In general, participants lived in a house alone or with their partner (88.3%). Only 4.3% had secondary or university education, and 60% were physically inactive apart from daily living tasks (e.g., shopping and cooking). There was a high gender-specific difference in alcohol consumption (83.5% of women never drank alcohol vs. 45% of men) but not in smoking: both men and women were mostly nonsmokers (88.8% vs. 96.8%, respectively). Table 2 shows the women's and men's means and SDs for each test for all age groups. ANOVA revealed significant differences between the age groups for all measures except BF% in women and BMI in men. Tukey's post hoc analysis revealed there were significant differences (p < .05) between several age groups, as shown in Table 2 . Specifically, in terms of body composition, the BMIs of the ≥85-year-old women differed significantly from those of the women in the younger age groups. Moreover, although the female age groups did not differ in terms of BF%, the BF% of men 60-64 years of age differed significantly from that of men 70-79 years old. In terms of the fitness variables, the female age groups differed significantly with regard to the functional reach, timed up-and-go, and 6-minwalk tests, while for men, these significant differences appeared later: The only differences were observed between the 60-64 age group and the 75-79, 80-84, and ≥85 age groups.
Because ANOVA significance is strongly influenced by sample size, the results were also analyzed using the ES statistic. Thus, the formula (difference between means)/(SD) was applied to all age-group comparisons (Table 3) . ES analysis indicated that most 5-year declines would be considered small or moderate (.0-.5). However, if the ES formula were used to examine 5-and 10-year declines, the differences would be interpreted as large (ES around .80 or more) for the 70-74 and ≥80 age groups of both women and men. Table 4 shows the results of the assessment of the reliability of the fitness tests. All tests showed excellent relative reliability (ICC >.90), with the exception of the functional-reach test, which exhibited good reliability (ICC = .86). In terms of absolute reliability, all tests had less than a 10% error, with the exception of the flexibility tests, both of which had an error of less than 25%. Tables 5 and 6 show the percentile score equivalents for each test for women and men in all age groups. These percentiles make it possible to identify the fitness of any individual in relation to age group and gender. 
Discussion
The current study determined the age-specific normative fitness-test scores of a population of elderly Spanish people. Because 82.5% of the participants were able to complete the full battery of fitness tests (the completion of the individual fitness tests varied from 91% for the timed up-and-go test to 99% for the seat-and-reach and back-scratch tests), these tests can be considered appropriate for this population.
The percentages of decline in fitness-performance scores over two and half decades (from the 60-64 to the 80-84 age group) exhibited by the Spanish population could be compared with published data obtained in three other countries, namely, Taiwan, Brazil, and the United States (Chen et al., 2009; Krause et al., 2009; Rikli & Jones, 1999b) . A number of observations were made. First, all four populations exhibited a decline in fitness performance with advancing age; this was true for both men and women. Specifically, all measures except for BF% in the Spanish population showed a progressive reduction from the youngest to the oldest age groups for both men and women, with a more pronounced decline being observed in the ≥85 group. Second, although the rate of decline was similar for both sexes in the timed up-and-go and 6-min-walk tests in the United States and Spain, the men declined in terms of the seat-and-reach test more than twice as much as the women. Moreover, in the case of the back-scratch test, men in the United States exhibited a decline of 67% between the ages of 60-64 and 80-84, which was 3 times higher than the decline for American women (20%), whereas both sexes in Spain showed a similar trend (decline of 83%). Third, for all four countries, the sit-and-reach test was associated with the largest decline (>150% between 60-69 and 80-89), and for Brazil, the United States, and Spain, the 6-min-walk test was associated with the lowest decline (18-25%).
The study revealed that the variability of fitness-test performance (expressed as SD or 95% CI) increased with age. This was also observed in the Brazilian, U.S., and Taiwanese studies. This could be for various reasons. For instance, fewer older subjects were recruited than those in younger age groups, so extreme values could influence the SD calculation more. This recruitment of fewer in older subgroup could be related to a floor effect because of an age-specific functional deterioration that could exclude more people in the oldest groups than in the younger groups because they did not meet the criteria to be tested because of an increase in the number and severity of chronic comorbidities.
In the current study, of all the body-composition parameters, BMI showed the smallest decline between the youngest and oldest age groups for both men and women (3.5% and 2.5%, respectively). This is consistent with a previous report that showed that BMI generally increases until 60-70 years of age, after which it begins to decline (Shephard, 1978) . Because it has been noted that BF% increases in both men and women up to the age of about 80 years, after which it decreases (Rikli & Jones, 1999a) , this decline in BMI may be the result of a loss of muscle mass, bone, or organ tissue rather than a loss of body fat. Because the Brazilian, Taiwanese, and U.S. studies did not publish or measure BF%, it was not possible to compare our observations with theirs results.
In general, the fitness performance of the subjects in the current study was lower than that reported by the Taiwanese, Brazilian, and U.S. studies (Chen et al., 2009; Krause et al., 2009; Rikli & Jones, 1999b) . This may reflect, at least in part, differences between the test protocols and recruitment strategies. For example, the 6-min-walk test was administered in a rectangular circuit in the U.S. and Brazilian studies, whereas the current study employed the original 20-m-long corridor. Moreover, the timed up-and-go test was performed over 2.43 m in the American study, whereas the current study administered a 3-m version. However, these protocol variations cannot account entirely for the marked differences between the Spaniards and Americans in all age groups with regard to the timed up-and-go (>2 s) and 6-min-walk (>100 m) tests. Furthermore, despite our following exactly the same protocols as the U.S. and Brazilian studies for the BMI and flexibility tests, the elderly Spanish had worse BMI and flexibility scores than either population. The Taiwanese study used the floor version of the seat-and-reach test and thus could not be compared directly with the current study, which used the chair version. In addition, although more than 60% of the Spanish participants did not report any other physical activity apart from daily-living tasks, 65% and 77% of the U.S. and Taiwanese volunteers reported exercising at least 3 days/week, respectively. It should be noted that the physical activity level of the participants in the current study was consistent with those reported by recent epidemiological studies in Spain (National Statistics Institute 2008; Sobejano Tornos et al., 2009 ).
Limitations
Because the selection criteria required that participants be able to walk for 10 min at an easy pace, the results of the current study cannot be generalized to individuals with major severe diseases or those who suffer cognitive limitations that would prevent them from completing a sociodemographic questionnaire. Moreover, significantly more women were recruited than men. The U.S. study that tested the fitness of a large sample of elderly people also found that more than twice as many women participated as men (Rikli & Jones, 1999b) , although a similar study performed in Taiwan reported that more men participated than women (Chen et al., 2009 ). It has also been shown that programs in the United Kingdom and Spain that promote physical activity recruit more women (60-68% of all recruited people) than men (Harrison, McNair, & Dugdill, 2005; Herrera-Sanchez, Mansilla-Dominguez, Perdigon-Florencio, & Bermejo-Caja, 2006) . This difference between the genders in terms of willingness to participate may reflect cultural differences, although more research on this matter is needed. Nevertheless, because of these gender differences, the sample size for men in this study (n = 839) may not be sufficiently large. In addition, this study was performed in the region of Extremadura, where the biggest city contains only 150,000 citizens. Thus, it may not be possible to generalize these data to people living in larger Spanish cities. Further studies on big-city-dwelling Spanish populations are warranted. Another limitation of this study was that it required many test administrators and investigators to perform the tests and manage, enter, and analyze the data. Thus, it is possible that human error could have compromised the accuracy of the data set. However, although this makes it difficult to precisely determine the threshold scores for each age group with regard to the various tests, these scores can be estimated fairly safely. In addition, we sought to limit data-gathering heterogeneity by requiring all 37 testers to undergo a training course. Table 4 indicates that this was effective; it shows good to excellent test reliability. Finally, the scores of older adults can vary considerably depending on their age and health. Thus, additional research is needed to establish the performance norms of specific populations of older adults, in particular those with particular illnesses and chronic disease and those who are very old.
Conclusions
This study established the normative scores for older women and men in Spain (age 60-90+) based on data collected from a large, reasonably representative sample of older adults from the Extremadura region. A possible limitation of the study is that this region does not contain large urban areas. For both genders, a progressive decline in fitness performance as age increased was observed. The normative scores that were determined may be helpful for the age-specific assessment of fitness performance and the design of programs that promote functional ability in older adults.
